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l.iLinearized  Theory  including  Axial  Magnetic  Field  , 


The  linearized  theory  of  the  operation  of  a  free  electron  laser  con¬ 
sisting  of  a  relativistic  electron  beam  in  a  helical  pump  and  axial  con¬ 
fining  magnetic  fields  has  been  formulated.  An  exact  solution  has  been 
found  for  the  case  of  a  cold  beam.'  The  dispersion  relation  has  been 
derived,  analyzed,  and  examined  numerically.  For  the  case  of  very  high 
frequency  radiation  and  iarge  beam  energy  it  has  been  shown  that  the  gain 
characteristics  are  not  markedly  changed  from  those  calculated  in  the 
absence  of  the  guide  field.1  At  lower  frequencies  and  energies  additional 
regions  of  gain  seem  possible.  A  manuscript  has  been  completed  and  is 
being  prepared  for  distribution.  Typical  gain  curves  and  line  shapes  are 
presented.  Work  is  continuing  on  thermal  effects. 

2.  Non-Linear  Theory  • 

- ^ 


The  non-linear  theory  of  a  steady  state  free  electron  laser  amplifier 
consisting  of  a  relativistic  electron  beam  in  helical  pump  and  axial  con¬ 
fining  magnetic  fields  illuminated  by  monochromatic  radiation  has  been 
formulated.  The  introduction  of  Lagrangian  variables  permits  an  exact 
integration  of  the  continuity  equation  to  express  the  current  density  at  a 
general  field  point  in  terms  of  the  current  density  at  injection  and  the 
velocity  at  the  field  point  in  question.  The  axial  electric  field  is 
found  in  a  similar  way  by  integrating  Poisson's  equation.  The  parallel 
momentum  equation  is  reduced  to  an  ordinary  differential  equation  and  per¬ 
mits  the  electron  orbits  to  turn  in  the  wave  frame,  corresponding  as  one 
advances  along  the  beam  in  the  direction  of  propagation  to  the  development 
of  multistreaming.  The  reduced  equations,  and  the  coupled  wave  equations 
for  the  transverse  vector  potential  are  being  analyzed,  and  suitable 
numerical  methods  for  their  solution  are  being  determined.  Preliminary 
,  numerical  studies  are  about  to  begin. 

3>Quasl-Llnear  Theory  o/v  5  "  -H  /j’r  *  "7  / 
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A  quasi-linear  theory  of  the  steady  free  electron  laser  amplifier  con¬ 
sisting  of  a  helical  pump  and  relativistic  electron  beam  illuminated  by  a 
monochromatic  wave  has  been  formulated.  A  linearized  WKB  description  is 
employed  to  describe  the  electromagnetic  field,  and  the  steady  state  density 
mean  velocity,  etc.  are  determined  correct  to  second  order  in  the  high  fre¬ 
quency  amplitude.  The  helical  pitch  is  allowed  to  vary  with  position  so  as 
to  keep  the  system  in  a  configuration  of  maximum  gain  as  the  beam  deceller- 
ates  on  converting  its  energy  into  radiation.  The  analysis  of  the  results 
is  continuing,  numberical  studies  are  underway,  and  a  preliminary  manuscript 
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Single-Particle  Theo 


Magnetic  Field 


for  Free  Electron  Laser  With  a  Strong  Axial 


A  small-signal  theory  has  been  derived  for  gain  in  a  free  electron 
laser  in  the  single-particle  limit,  i.e.  where  collective  effects  are 
negligible.  The  model  free  electron  laser  consists  of  a  cold  relativistic 
electron  beam  in  a  helical  magnetic  wiggler,  and  a  strong  uniform  axial 
magnetic  field.  Exact  finite-amplitude  steady-state  helical  orbits  are 
included.  If  perturbed,  these  orbits  oscillate  about  equilibrium,  so  that 
substantial  gain  enhancement  can  occur  if  the  electromagnetic  perturbations 
resonate  with  these  oscillations.  This  gain  enhancement  need  not  be  at 
the  cost  of  frequency  up-shift.  As  a  result  one  can  design  amplifiers 
which  are  shorter,  and  require  much  weaker  wigglers,  than  the  correspond¬ 
ing  device  without  the  axial  magnetic  field. 


